Saw Tooth Structures 


(North Light Structures) 
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Types of Saw Tooth Structares 


1 ] Slab Type 4 >=> fim 
27 Girder Type 8 //2m 

3 ] Saw tooth Supported on a system [ frame, Polygon, 
Arch girder, Truss ] 

By Eng. Ezz El-Din Mostafa & Eng. Yasser M. Samir 



1 ]Saw Tooth Slab Type 



Saw Tooth Slab Type is used for Span (4— 8m) 


Concrete Dimensions 


— One way Solid Slab (4 5m) 

— One way H.B. Slab (5 ► 8m) 

-Tie (300*300) 

-Post (250*250) 


—Distance betwen posts 
- t(col)= ^ 



cL - 


Lis ^LjoJiL Tie 

0 £« /yO ^ ^ \ \ £> 0^ J 
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System J! j+ob*. ,3! J^U. 



Posts 


KEY PLAN 



Steps of design 


1 jAnalysis of Slabs 


w su =1A[t s \+F.C.]+1.6L.L. cose (for 

1 .4[ts& c *( e-/-b)+ bh iS c + 5*wt. of block ] 
w = 7 — r 

su ( e+ b ) 


s. s.) 


+ 1 .4F.C.+ 1 ,6L.L.CosQ 
(for H.B.) 



2]Reactions of slabs on beams 


R=y=w su 
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3]Analysis of Ridge beam(250*400) 


w=R+ o.w 


kN/m 


R 1 =w* a 


w kN/m ' 


i i i i i i i i i i i i 

Dist. a=(2—3)m * 


between posts 


Ri 


4]Design of Posts 



R =0. 35A n f + 0.67 A f 

p c J cu s J y 


get A ' 


5]Design of Y—beam 



kN/m 



p 


p 



R. 


V 


V 


Spacing 


Spacing 


i 


w y kN/m ' 


Spacing 


Spacing 


"ZT 

A 


R 


v 
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6]Analysis of End beam 



8]Design of Col. 


w vl kN/m ' 


i i i i i i 

zs 

spacing 4 


~zr 

— i — 


spacing 


Rvl 


Pool =R 


y — beam 


Design N,M add . 
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b]With Inclined Posts 


North 



Saw Tooth Slab Type is used for Span (4— 8m) 

Concrete Dimensions 


— One way Solid Slab (4 ► 5m) 

— One way H.B. Slab (5 = — ► 8m) 

— Tie (b*b) 

-Post (250*250) 


—Distance betwen posts (2 
- t(col)=j 




3m) 


bj&U _ 
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System J! j+ob*. ,3! J^U. 
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Slab 
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Steps of design 


1 jAnalysis of Slabs 

w su =1.4[t s \+F.c.]+1.6L.L. cos 0 (for S.S.) 

w su = 1 .4[t s y c +F.C. + 2bh1 c + 1 0*w.t.of Block]+ 1 .6L.L. cose 

(for H.B.) 



2]Reactions of slabs on beams 



I y=o w su L — y — R Cos a =0 get y 

0 By ErZ§. 'iRz S'I^TOiGL Mostafa & Eng. Yasser M. Samir 



3] Analysis of Ridge beam(250*400) 


w=R+ o.w 


kN/m 


R 1 =w* a 


4]Design of Posts 


w kN/m ' 


— — — t 7r J — “ — — nr 

Dist. a=(2—3)m A 


between posts 


Ri 


R =R. + o.w of Post 

pi J 


R =0.35A n f +0.67Af n >=> get A 

p c J cu s J y & s 


5]Design of Y-beam 


w y =o.w. + y+ 


ZRp Cosa 
Span 


R y —w y * Spacing 



R p 

cos a Rp 

cos a Rp 

cos a Rp 

cosa 

zJ 1 Ls 

zJ 1 Ls 

zJ 1 Ls 

zJ 1 Ls 

z 1 1 



Spacing Spacing 


J 


w y kN/m ' 


Spacing 


Spacing 


R 


y 
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6]Analysis of End beam 



R v l =w v i *Spacing 


spacing spacing 


Rvl 


For HZ. beam 


w hz =x kN/m 


Rhz =™hz * Spacing 


7]Design of Tie 


T=R hz —w hz * Spacing 


T u 


fy As 

8]Design of Col. 


•<S> 

O 

A 

CO 


05 

•S 

o 

Pi 

Co 


fe; 


5- 


- N 




N 










Dol. R y—beam 


Design N,M add . 
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Details of R.F.T. 


Example 


North 


For the given plan and cross-section, 

it is required to: 


1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 




3— Design Ridge, Column, Post 
and draw details of Rft. 


4*6. 5 =26. Om 



F.C. = 1 .4kN/m 2 ,L.L=0.5 kN/m 2 (o.oo) 

0 | 6.5m | 6.5m | 

f=25 N/mrrC , f, =360 N/mrn , , 

Jcu v 7 Sec. (1-1) 


Solution 

t = =44. 75cm 

take t=25 cm [20cm+ 5cm] 



Q=tan 1 (-$-)=24.78 
6.5 


1 .4[ts& c *(e-hb)+ bh b c +5*wt. of block ] 

u = 7 — ri 

su ( e+b ) 

1 .4[0. 05*25*0. 5+0. 1 *0.2*25+ 5*0.1 6] 

v = 

su 0.50 


+ 1.4F. C.+ 1 .6L.L.CosQ 
+ 1 .4*1 .4+1 .6*0.5*0.91 


= 8.08 kN/m 2 


^ su/Rib 



0.5*8. 2=4. 04kN/m' 



KEY PLAN 






o 




Yasser M. Samir 


Sec. (1 — 1) 


220 =C MoO*25° B Q =5.07 J =0.826 

a = 23.50*1 O e o S9cm z /rib 

s 0.826*360*220 ° / ' LU 

=2<$> 1 6 /rib 

Sec. (2^2} 


A s =2<P 10/rib 

2]Reactions of slabs on beams 

\ 

R=y= w su L kN/m 

R=y =8. 08*7.1 6/2=28.93 kN/m 


(• S • J-cJ 



3]Design of Ridge beam(250*400) 


vu=R+ o.w kN/m 

w=28. 93+ 0. 25*0.40*25*1.40 
w=32.43 kN/m 

R 1 =32.43*2.5=81 .08kN 


32.43 kN/m 


— — — i- zr — — — — — A 

2.50m 2.50m 4 


Ri 


Sec 1 


350 = C 1 


M 7 = 20.27 JcN.m 

u. 1. 


20.27*1 0 ( 
25*250 


J = 


20.27 



20.27*1 0 6 
360*0.826*350 


194.7 mm 2 


Use min A~ — 2<P 12 
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i 0 . 25 J- ^0.25^ 

Sec.(l-I) Sec. (2-2) 


\ 


ho 


to 
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ho 


Pi/. 



Detail of reinforcement of Ridge beam 


4]Design of Posts 


R =R, + o.w of Post 

pi J 

R =81. 08+ 0. 25*0. 25*3 *25*1 .40=87. 64kN 
v 

87.64*1 0 3 = 0. 35*250*250*25+0. 67 A f 

c7 

A s =-ve ^ A s =401 2 


401 2 


0.25 



t a 




0.25 


5]Design of Y—beam (300*500) 


w y =o.vu.+y+ 


ZR 


v 


Span 


kN/m 


w y =0. 30*0. 50*25*1 . 40+28. 93+ 


w y =69.2kN/m 


R y =69. 2*5. 0=346 kN 



R 


P 


R. 


V 


R 


2*87.64 
X 5.0 


4___ . ^ijJi ^ Ji 

fpo 5&- > ‘ J (A 3 -*" 

' 6 + 5 j 


v 


R. 


P 







i 1 1 M 

L_LJ_j 

1 1 11 


h_L 


5. Om 5. Om 






173 kN.m 


Sec 1 M ,= 

u. 1. 


450 = C 


1 


A s = 


173*10 


173*1 O c 
25*300 
6 


C t = 2.96 


360*0.74*450 


— 1 443 mm 


J = 0.74 


As =6 <P 18 


Sec 2 M , = 144.1 kN.m 

u. L. 


450 = C 1 j 144.1*10 
25*300 


C t = 3.24 


As = 


144.1*10 


6 


360*0.76*450 


= 1170 mm 


J = 0.76 


As =5 <P18 


Sec 3 M = 108.1 kN.m 

u. 1. 


450 = C 1 j 108.1*10 
25*300 


6 


C t = 3.75 


J = 0.79 


As — 


108.1*10 


360*0.79*450 


= 845 mm' 


As =4® 18 


Sec 4 M , = 72.1 kN.m 

u. 1. 


450 = C 


1 


72.1*10 


Cj= 4.6 


As — 


25*300 

72. 1 *1 0 6 2 

=543 mm 


360*0.82*450 

check A 


smvn 


safe 


J = 0.82 

As=3<P16 


Check shear 

Q=207.6kN 


Q 


cr 


V su bd 

q =0.24 

J-CU \ 


= =1 -54 N/mm k 


300*450 

25 =0.98 N/mm 2 


1.5 


q = 0.7 \SE 

- 1 max y 1 5 


=2.86 N/mm 


q cu <9u <q 


umax 
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4 cu 
2 



nA s f y /js 
bS 


assume n=2 


4s =78. 5mm 2 =01 0 


1.54 


0.98 

2 


2*78.5*240/1 .1 5 
300*S 


S= 1 04mm 


No.of stirrups/m = // = 9.7 ^ SHrrups 1O01o/m < 


6]Analysis of End beam 

w v i = 0 . vu+y kN/m 

w vL =0.25*0.50*25*1 .40+28.93 

w v i =33.31 kN/m 

R vl =33. 31*5. 0=166. 53kN 


V 



33.31 kN/m 


"7T A 

5. Om 5. Om 4 


Y—beam Jl J 1 ® 4 


Rvi 
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(t-t)oas (SS)oas (Z-Z)oas (l-l)' oa S 

f 9Z'0i f 9Z'0<[ f 9Z'0<[ f 9Z'0^ 




o 

'■A. 

f? 


Detail of reinforcement of Y— beam 


8]Design of Col . (400*600) 


Pool. =641. 81 kN 


, 1.3*6.75 

\n 0.60 


14.63 


r, 1.2*6.25 
\ut 0.40 = 


Buckling outside plan 

fil _ K b _ 18.75 2 *0.40 _ 
b 2000 2000 


0.07m 


M ad d=34 1.81 *0.07=24. 03 kN. to 

N u i _ 341. 81*1 0 3 -n nr r _ 400-100 

btf cu 400*600*25 ^ 400 

Mux _ 24^03±±+ =n ni 

bt 2 f cu 600*4004 *25 

P<1 Take P = 1 

A 0.25+0.052*1 8.75 * y, onstn 

min — 1~00 *4UU*bUU= 2040 mm 

^4 S =12 (p 18 


12018 



0.60 


18.75 


0.75 
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Example 


For the given plan and cross-section, 

it is required to: 


1 —Choose the suitable system to cover 
this Area. 


<? 


2— Design all Slabs and draw plan of Rft. 



3*5. 0=1 5.0m 


3— Design the Post, Column, Tie 
and draw details of Rft. 


( 6 . 00 ) 


F .C. = 1 .5kN/m 2 ,L.L=0.5 kN/m 2 (o.oo) 

| 5. Om | 5. Om | 5. Om \ 

f=25 N/mrn , f =360 N/rrvrn 

Jcu / J v 7 Sec.(l-I) 


Solution 


. = 492 
24 

_ 492 
s min 3 5 


20. 5cm 
= 14. 06cm 



take t^ = 16 cm (Check def.) 

8=tan 1 (£~5 )=23. 96 

w su=1 ■4[t s y c +F.c.]+1 .6 L.L.CosB ' 

a=tan 1 (jpi)=1 4.04 

w su =1 ,4[0.1 6*25+1. 5]+1 .6*0.5*0.91 

w su =8-43kN/m 1 06 8.50kN/m 







Sec. (1 — 1) 


140 =c J+U++L 9 


Ct =4.64 J =0.821 


22.80*10 6 



s 0.821*360*140 


A s =54> 12/m' 

Sec. (2^2} 

A s =5 <t> 8/m' 

2]Reactions of slabs on beams 

2M a =0 

8. 43*4. 92*4. 5/2+8. 50*0. 5*4. 75=Rcos a*4.5+Rsin a *2.0 
R=23.40kN/m 


8.50kN/m 


2y=o 

8.43*4.92+8.50*0.5=Rcosa + y 
y=23. 02kN/m 




V 


3]Analysis of Ridge beam(250*400) 


vu=R+ o.w kN/m 


26.90 kN/m * 


w=23. 40+ 0. 25*0.40*25*1 .40 
vu=26. 90 kN/m 


3.0m 


3.0m 


R 


R 1 =26.90*3.0=80.70 kN 
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4]Design of Posts 


R —R . + o.w of Post 

pi J 


R =80.70+0.25*0.25*2*25*1 .40=85. 08kN 

p 

85.08*1 0 3 = 0. 35*250*250*25+0. 67A^f, 

s J y 


A s =-ve 


A s =4012 


R. 


P 


5]Design of Y—beam 


w y =o.w.+y+ 


LR P Coscl 
Span 


JcN/m 



Wy=0. 25*0. 60*25*1 .40+23.02+ 


2*85. 08cos a 
6.0 


w y =55. 7 8 kN/m 


R y =55. 78*6. 0=334. 68 kN 


55. 7 8 kN/m' 


R p cos cl 


R p cos ot 






6. Om 


6. Om 


"zr 

4 






ii_L 

Op 

Li 1 Lj 

h 1 n 

d 1 b 



6. Om 


6. Om 


R 


y 


6]Analysis of End beam 


HZ. beam 


For VL. beam 

Wyi =o.w+y kN/m 

=0.25*0.60*25*1 .40*2+23.02 
=33.52kN/m 
=33.52*6.0=201 . 1 2kN 



Wyl. 

Wyl. 

Ryl. 


3 3. 5 2 kN/m 


VL. beam 






6.0m 


6.0m 


A 
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For HZ. beam 


w hz =x — 5.68kN/m 
R hz =5. 68*6. 0=34. 08kN 


min. 


7]Design of Tie 



o 

cb 


o 

cb 


- Tie 


L b 






co 

Co 


Tie 


Tie 


T=R hz3%&8 QfifoN 
“ 360/1. 153 
=4012 


1 09mm 


8]Design of Col. (400*600) 


P col =334.68 kN 


\ n = 'fid 75 = 14 - 63 

Buckling outside plan 


d h = 


, 2 

K b 


2000 


18.45 * 0.40 
2000 


\ — 
out 


0.07m 


1.2*6.15 

0.40 


= 18.45 


M ad d=334. 68*0. 07=22. 79kN.m 

. 3 

= 0.06 


N, 


U. 1. — 


334.68*10 1 


btfcu 

Mil L 

bt 2 feu 

A 


400*600*25 

22.79*1 0 6 
600*400 2 *25 

0.25+0.052*18.45 


=0.009 


s 


400-100 

400 


=0.75 


P<1 Take P = 1 


*400*600= 2903mm 


smvnfiy /ng Ezz C'J QJQn Mostafa & Eng. Yasser M. Samir 



Elev. of Rft. for VL. Beam 
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R.F.T. of the VL & HZ beams 


U 5 08 / 171 



Details of R.F.T. 


2]Saw Tooth Girder Type 


North 



Saw Tooth Girder Type is used for Span (8—1 2m) 


Concrete Dimensions 


t 

C 12-14 

t 1 =0.8 t G 


b 


r 30cm 

Spacing 
20 




Tie (b*b) & hanger (250*250) 


t(col)= 
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/ ]Analysis of Slabs 


Slabs may be H.B. 


Girder 



one 

way 

y.s. 



'/A X77. 



2]Analysis of 


Slab or Solid Slab 


Girder 


VA 





two way 


S.S. 




/ 



/ 





\ 



\ 






\ 





/ 



/ 


'/A 



YEA 



Girder 




one to ay 

/ 

H.B. 






t 

2 

>1 ~~P7; 




( 8 th) static ally 
indeterminate 


7777777777Z 


777777777771 


7777777777Z 


L*aj I <_9 (J->J I QJ j r, J IjJiaj O^J Lloo-cJ I <J->o I j j-S-<J I 



Using Virtual work Method (once statically indeterminate) 
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///////////z 


77777777777 . " 


///////////z 


77777777777 . " 



8 io 

dii 


Mo Mi 
E c I 

Mf 

E c I 


dio+X bn=0 


§io+X 5 ii=0 


Mo 


(Neglecting extension of tie ) 


5/ q ~ hX 5 ii=0 


and get X 


M f =M 0 +X Mi 


b 


0.8t 


b( 0. 8tf 
Iz = 1~2 


B — 6t s ~h b 

i 



U 


-I b u 
/, =[iBt 3 



/, =nBt' 
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By Eng. Ezz El-Din Mostafa & Eng. Yasser M. 


S amir 


Details of R.F.T. 


Example(3) 

For the given plan and cross-section, 

it is required to: 

1 —Choose the suitable system to cover 
this Area. 

2— Design all Slabs and draw plan of Rft. 

3— Design the main supporting element 
and draw details of Rft. 


North 


© 


48m 

© 


2*1 2. 0=24. Om 


( 11 . 00 ) 


( 6 . 00 ) 



F.C. = 1 ,4kN/m z ,L.L=1 .0 kN/m 2 
f cv =25 N/mm 2 , f =360 N/mrri 


( 0 . 00 ) 

1 2.0m 


12.0m 


SecJUU/ 


Solution 


t = F4r =33. 33 cm 


5. Om 



take t=25 cm [20cm+5cm] 

check deft. Q=tan (^°q U s )=24.84 

1 .4 [ts& c *( e+b)+bhb c + 5*wt.of block] 


w — 

su 


(e+b) 

1 ,4[0. 05*25*0. 5+0.1 *0.2*25+5*0.1 6] 


w 

su 


0.50 


+ 1.4F. C.+ 1 .6L.L.CosQ 


+ 1.4*1.4+1.6*1.0*0.91 


— 8.81 kN/m' 


W su/Rib= 0 - 5 * 8 - 8 1=4.41 kN/m ' 

4.41 kN/m 


2T 

6. Om l . 


6. Om 


6. Om 


7sr 

j 
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North 





Sec. (1-1) 

M des =M CosQ=15. 88*0. 91 = 14. 45 kN. m 


220— C. 


14.45*10 


i 


500*25 


C 1 =6.47 J=0. 826 


A — 1 4. 45 — 1_0 —^9 y / VT b 

s 0.826*360*220 7 


A, =2<p 1 2/rib 

Sec. (2-2) 

M des =M CosQ=1 3.23*0.91 = 1 2.0 4kN .m 


220=C< 


12.04*10 


500*25 


C 1 =7.09 J =0.826 


A = — 04*1 0 — — 184mm 2 /rib 

s 0.826*360*220 '°^ rrirri / 1 iU 


A s =24t> 1 2/rib 


Analysis of Main System 

w 1 =o.w.+w su * spacing 
w 1 =0.30*1 .0*25*1 .4+8.81 *6.0 
w 1 =63.36kN/m 
w 2 =o.w. 

w 2 =0.30*0.8*25*1 .4 
w 2 =8.40kN/m 
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430.47 




B=0. 70m 


0.35 


0.35 


1 1 

1 




<9. £5 

i 

0.30 



0.30 

I-, —5 15*1 0~ 4 *0. 70*1 .0 3 
/, =0.036rn 


h = 


0.80 


0.30*0.80 ' 


12 


I 2 =0.01 3m‘ 


8 io 


= __j_ » 1_L90 [43o.47*5. 0] — §- 4 ' 90 [ ^_^EL111£i§ *2.5] 


E c It 
5. 14 


3 E c I, 


a 


4- * 4^4 [430.47*5.0]- 4- 5 J1 [ 8 - 4 * 5 - 14 * 120 * 2 , 5 ] 

O lLn -1 9 £j c 1 2 


§ io 

5 1 1 

Sii 


J c L 2 

-1085869.16 


8 


1 t 11.90 rr n 2 7 , 1 , 5 - 14 rr2l 

3 ^77 ^ 5 '° ^3“ £ c /^ 5 J 


6049.50 

Er. 


5/ q-/- x 5/ / — o 
1085869.16 


, 6049.50 v „ 

+ £T“ X=0 


X=1 79.50kN 
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67.02 






777777. Y, 


77777777777 . ‘ 


M f =M 0 +X Mt 


Sec(l-I) 

Nul _ 179.64*10 

b t f. 


B.M.D. 


CU 


950=C 


1 


A 


_ 784.37*10 


300*1000*25 

7 84.37*1 0 6 
700*25 

6 


=0.02<0.04( neglect N) 


C 1 =4.49 


J =0.81 8 


5 0.81 8*950*360 

=8 cp22 

Sec(2—2) 


=2804mrri 


950=C 


1 


467. 02*10 
300*25 


6 


C 1 =3.81 


J =0.796 


6 


A _ 467.02*10 
s 0.796*950*360 

^4 S =5 <p22 

Sec(3—3) 


= 171 6mm 


Nul _ 369.72*1 0 3 
b t f cu 300*800*25 


=0.062>0.04(Dortt neglect N) 


e= 


M u .i. 

N u .i. 


467.02 

369.72 


1 .26m 


e 

~T 


1.26 _ 

Qif 8Q() 


1 .58>0.5(big eccentricity) 
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— Q~h —p— — c— 1.26 + 


0.80 


— 0. 05 — 1.61m 


2 ~ 2 

Mu S =N U £e s =369.72*1 .61 =595. 25kN. m 


750=C 


595.25*10 


1 


300*25 
assume t=0. 85m 800 =C 


C 1 =2. 6 6 <2. 7 8 


i 


'595.25*10 


300*25 


C 1 =2. 843c J=0. 72 


a = 595.25*10 369.72*10 - 1R7P ^2 

s 0.72*800*360 360/1 .15 'o^rrirn 

4 =5<p 22 

Sec(4—4) 

„ 1 79.50*1 0 3 r rfo 2 

A s = ———y—— — =5. 73cm =6 (pi 2 
s 360/1.15 

8]Design of Inner Col. ( 400 * 600 ) 


Pool. =7 97. 16 kN 






1.2*6.25 


0.40 


= 18.75 


Column is long col. inside Sc outside plan 


5 , b 


2000 


18.75 * 0.40 
2000 


0.07m 


M a dd=797. 16*0. 07=56. 05kN.m 


N„ 


U. 1. — 


Wcu 

M u . i 


797.16*10 

400*600*25 

56.05*1 0 6 


= 0. 13 


=0.023 


c 


400-100 

400 


=0.75 


bt 2 f cu 600*400? *25 

P<1 Take P = 1 
A = 0.25+0.052*1 8.75 

A S rain 100 

A s =1& $2 § s 


*400*600=2 940mm 
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